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Eﬀects	  of	  sugar-­‐amendment	  on	  bacterial	  &	  fungal	  abundance	  in	  na6ve	  vs.	  nonna6ve-­‐dominated	  
soils	  of	  a	  Puget	  lowland	  prairie	  
Jessica	  Wong	  &	  Professor	  Betsy	  Kirkpatrick	  
University	  of	  Puget	  Sound,	  Tacoma,	  WA	  
MATERIALS	  &	  METHODS	  
Study	  Site	  &	  Experimental	  Setup	  
We	  set	  up	  thirty	  0.25	  m2	  plots	   in	  a	  na5ve-­‐dominated	  area	  and	  thirty	  0.25	  
m2	   plots	   in	   a	   Scotch-­‐broom	   dominated	   area	   within	   Glacial	   Heritage	  
Preserve	   near	   Olympia,	   WA	   (Figure	   1).	   For	   each	   set	   of	   thirty	   plots,	   half	  
were	  designated	  controls	   (i.e.	  untreated)	  and	  the	  other	  half	  were	  treated	  
with	  2	  cups	  of	  sugar	  (≈	  167	  g	  C/m2),	  administered	  one	  cup	  per	  week.	  	  
Figure	  1.	  Glacial	  Heritage	  Preserve,	  	  
Olympia,	  WA	  
Measuring	  Bacterial	  &	  Fungal	  Abundance	  with	  qPCR	  
We	  extracted	  DNA	  from	  0.25	  g	  of	  each	  soil	  sample	  with	  a	  MoBio	  Lab	   Inc.	  
PowerSoil™	   Isola5on	   kit.	   The	   DNA	   is	   stored	   at	   -­‐20°C	   for	   later	   use.	   To	  
measure	   abundance,	   we	   will	   run	   a	   sample	   of	   the	   extracted	   DNA	   in	   a	  
quan5ta5ve	  PCR	  (qPCR)	  instrument	  with	  SYBR	  green	  dye.	  The	  dye	  binds	  to	  
double-­‐stranded	  DNA	  products	  and	  the	  level	  of	  ﬂuorescence	  measured	  by	  
the	  qPCR	   instrument	  quan5ﬁes	   the	  number	  of	  DNA	   templates	  present	   in	  
the	   sample	   that	   match	   the	   primer	   set	   being	   used.	   We	   will	   use	   fungal-­‐
speciﬁc	   primers,	   FF2	   and	   FR1,	   that	   target	   the	   18s	   ribosomal	   subunit	   to	  
determine	   fungal	   abundance.	   We	   are	   currently	   selec5ng	   appropriate	  
bacterial-­‐speciﬁc	  primers	  that	  target	  the	  16s	  ribosomal	  subunit.	  
Soil	  Nitrate	  Measurements	  
Soil	   samples	   were	   placed	   in	   a	   drying	   oven,	   then	   ground	   and	   sieved.	   A	  
por5on	  of	  the	  dry	  soil	  was	  transferred	  to	  a	  Falcon	  tube	  with	  DI	  water	  and	  
centrifuged.	   We	   measured	   NO3-­‐	   levels	   of	   each	   sample	   using	   the	  
supernatant	  and	  a	  Cole	  Parmer	  NO3-­‐	  ion-­‐selec5ve	  probe.	  	  
Scotch	  broom	  is	  a	  nonna5ve	  plant	  that	  has	  invaded	  the	  plant	  communi5es	  
of	  the	  Paciﬁc	  Northwest	  in	  the	  United	  States.	  It	  associates	  with	  bacteria	  in	  
the	   soil	   to	   ﬁx	   nitrogen	   from	   the	   atmosphere,	   thereby	   eleva5ng	   soil	  
nitrogen	   levels	   and	   encouraging	   the	   invasion	   of	   the	   community	   by	   other	  
nonna5ve	   plants	   like	   itself.	   Researchers	   have	   used	   sugar-­‐amendment	   to	  
decrease	   soil	   nitrogen	   and	   restore	   na5ve	   plant	   growth.	   The	   addi5on	   of	  
sugar,	   a	   carbon	   source,	   to	   nitrogen-­‐enhanced	   soil	   is	   thought	   to	   release	  
bacteria	   from	   carbon	   limita5on	   and	   lead	   to	   an	   increase	   in	   bacterial	  
popula5ons.	   As	   more	   bacteria	   consume	   available	   nitrogen	   in	   the	   soil,	  
nitrogen	   levels	   decrease	   and	   thereby	   decrease	   nonna5ve	   plant	   cover.	  
However,	   there	   is	   liale	   evidence	   that	   sugar-­‐amendment	   does	   increase	  
bacterial	   popula5ons.	   In	   addi5on,	   liale	   is	   known	   about	   how	   fungal	  
popula5ons	   in	   the	   soil	   are	   aﬀected	   by	   sugar	   addi5on,	   whether	   directly	  
through	   changes	   in	   nutrient	   availability	   or	   indirectly	   through	   changes	   in	  
bacterial	   popula5ons.	   Several	   studies	   have	   suggested	   that	   bacteria	   and	  
fungi	   have	   an	   inverse	   rela5onship,	   which	   may	   have	   implica5ons	   for	   the	  
overall	  eﬀec5veness	  of	  sugar-­‐amendment	  at	  lowering	  soil	  nitrogen	  and	  for	  
promo5ng	  na5ve	  plant	  restora5on.	  	  
RESULTS	  
DISCUSSION	  
We	  would	  like	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  thank	  the	  University	  of	  Puget	  Sound	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  Research	  Commiaee	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  this	  endeavor.	  We	  also	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  Professors	  Mark	  
Mar5n	  and	  Tom	  Bruns,	  Courtney	  LaValle,	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  Cur5n,	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  Morrison-­‐Kerr,	  and	  Mary	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  their	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  assistance	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  to	  













































































Figure	  2.	  Comparison	  of	  mean	  (±	  1	  SE)	  soil	  nitrate	  between	  untreated	  and	  sugar-­‐amended	  soils	  
in	   a	   Scotch	   broom-­‐dominated	   or	   na6ve-­‐dominated	   region.	   (a)	  Mean	   nitrate	   of	   soils	   prior	   to	  
treatment.	   (b)	  Mean	   nitrate	   of	   soils	   a	  week	   aier	   the	   ﬁrst	   cup	   of	   sugar	  was	   administered.	   (c)	  
Mean	   nitrate	   of	   soils	   two	   weeks	   aier	   the	   second	   cup	   of	   sugar	   was	   administered.	   (d)	   Mean	  
nitrate	   of	   all	   soils	   per	   week.	   In	   sugar-­‐amended	   soils	   in	   both	   regions,	   nitrate	   decreased	   from	  
Week	  0	   to	  Week	  1,	  but	   increased	   from	  Week	  1	   to	  Week	  3.	  For	  all	   treatments,	  N	  =	  15.	   Leaers	  












	  “before	  treatment”	  samples	  collected	  1st	  
cup	  of	  sugar	  administered	  
Week	  1:	  
soil	  samples	  collected	  
	  2nd	  cup	  of	  sugar	  administered	  
Week	  2:	  	  
due	  to	  lack	  of	  rainfall,	  we	  chose	  not	  to	  
collect	  samples	  or	  administer	  a	  3rd	  cup	  of	  
sugar	  as	  planned	  
Week	  3:	  
ﬁnal	  soil	  samples	  collected	  
Our	   results	   from	   the	   BIOLOG	   Ecoplates	   conﬁrm	   that	   bacteria	   and	   fungi	  
have	   an	   inverse	   rela5onship	   in	   these	   soils	   at	   this	   5me	   of	   year,	   since	  
bacterial	   ac5vity	   increased	   with	   the	   applica5on	   of	   fungicide	   and	   fungal	  
ac5vity	   increased	  with	  the	  applica5on	  of	  an5bio5c.	  Such	  ﬁndings	  support	  
those	  of	  previous	  studies.	  We	  will	  con5nue	  working	  on	  collec5ng	  data	  on	  
fungal	   and	   bacterial	   abundance	   using	   qPCR.	   Comparing	   abundance	   to	  
ac5vity	   will	   help	   us	   understand	   the	   structure	   of	   the	   soil	   microbial	  
community	  and	  how	  it	  may	  be	  aﬀected	  by	  sugar-­‐amendment.	  	  
As	  expected,	   soil	  nitrate	   in	  both	  broom-­‐dominated	  and	  na5ve-­‐dominated	  
soils	   decreased	   following	   the	   addi5on	  of	   the	  ﬁrst	   cup	  of	   sugar	   (Week	  1).	  
However,	  we	  were	  surprised	  to	  observe	  such	  a	  drama5c	  increase	  in	  nitrate	  
in	   the	   na5ve-­‐dominated	   soils	   aier	   the	   full	   treatment	   had	   been	  
administered	  (Week	  3),	  as	  it	  was	  above	  even	  that	  observed	  in	  the	  broom-­‐
dominated	  soils.	  An	  examina5on	  of	  plant	  cover	  data	  that	  were	  collected,	  as	  
well	   as	   microbial	   abundance,	   may	   provide	   an	   explana5on	   for	   these	  
observed	  changes	  in	  soil	  nitrate.	  	  
(b)	  
(c)	   (d)	  
Figure	  3.	  Melt	  curve	  of	  qPCR	  
reac6on	  products	  with	  FF2-­‐FR1	  
primers.	  Strong	  peak	  at	  about	  
82°C	  indicates	  that	  there	  are	  no	  
primer-­‐dimers	  forming	  and	  the	  
reac5on	  results	  in	  a	  single	  
product.	  These	  curves	  are	  from	  
reac5ons	  run	  on	  a	  temperature	  
gradient	  from	  68°C	  to	  53°C.	  
From	  the	  melt	  curve	  and	  
ampliﬁca5on	  curves	  (not	  
shown),	  we	  could	  determine	  
the	  appropriate	  annealing	  
temperature.	  	  
Figure	  4.	  Standard	  curve	  of	  
ampliﬁca6on	  with	  FF2-­‐FR1	  
primers.	  The	  curve	  was	  
generated	  by	  conduc5ng	  a	  
qPCR	  test	  with	  serial	  dilu5ons	  
of	  a	  stock	  DNA	  up	  to	  1:1000	  
and	  tes5ng	  how	  eﬃciently	  the	  
primers	  ampliﬁed	  the	  target	  
product.	  The	  data	  shown	  here	  
reﬂect	  the	  ampliﬁca5on	  with	  
1:10,	  1:100,	  and	  1:1000	  
dilu5ons.	  Primer	  eﬃciency	  (E)	  
of	  94.6%	  is	  within	  an	  
acceptable	  range.	  	  
TAKE-­‐HOME	  MESSAGE	  
• 	  BIOLOG	  Ecoplates	  indicate	  that	  bacteria	  and	  fungi	  have	  an	  inverse	  
rela5onship	  as	  previous	  studies	  have	  suggested.	  
• 	  Sugar-­‐amendment	  aﬀected	  soil	  nitrate	  of	  broom-­‐dominated	  soils	  as	  
expected,	  but	  we	  observed	  an	  unexpected	  increase	  in	  nitrate	  of	  na5ve-­‐
dominated	  soils	  that	  received	  the	  same	  treatment.	  	  
• 	  Op5miza5on	  of	  fungal-­‐speciﬁc	  primers,	  FF2-­‐FR1,	  for	  qPCR	  is	  nearing	  
comple5on	  and	  data	  will	  be	  collected	  on	  fungal	  abundance.	  Selec5on	  of	  
bacterial-­‐speciﬁc	  primers	  and	  op5miza5on	  will	  be	  completed	  in	  the	  future	  
























































Soil	  Sample	  Treatment	  
b	  
a	   c	  
Figure	   5.	   BIOLOG	   Ecoplate	   assessment	   of	   bacterial	   and	   fungal	   ac6vity	   in	  Week	   0	  
soils.	  Fresh	  soils	  (4g)	  were	  combined	  with	  40	  ml	  sterile	  water,	  treated	  with	  either	  an	  
an5bio5c	   or	   fungicide,	   and	   centrifuged.	   The	   plates	   were	   inoculated	   with	   the	  
supernatant	   and	   absorbance	   was	   recorded	   at	   48	   hrs	   (N=20).	   (a)	   Bacterial	   ac5vity	  
(mean	  absorbance	  ±	  1	  SE)	  in	  each	  soil	  treatment.	   	  Fungi	  suppressed	  bacterial	  ac5vity	  
by	   25%	   compared	   to	   control	   soils	   (1-­‐way	   ANOVA	   with	   post	   hoc	   pairwise	   PLSD	  
comparisons;	  all	  means	  diﬀer	  at	  p	  <	  0.001).	  (b)	  Percentage	  of	  wells	  containing	  visible	  
hyphae	   aier	   one	   week.	   Bacteria	   suppressed	   fungal	   ac5vity	   by	   96%	   compared	   to	  
control	  soils	  (Chi-­‐square	  goodness	  of	  ﬁt	  tests	  on	  counts;	  all	  means	  diﬀer	  at	  p	  <	  0.001).	  	  
(a)	   (a)	   (b)	  
